We used population genetics to assess historical and modern demography of the exploited wavy top snail, Megastraea undosa, which has a 5-10 day pelagic larval duration. Foot tissue was sampled from an average of 51 individuals at 17 sites across the range of M. undosa. Genetic structure at the mtDNA locus is strikingly high (Φ ST of 0.19 across 1000 km), and a major cline occurs in northern Baja California (Φ CT of 0.29 between northern and southern populations). Genetic data indicate that the northern region is highly connected through larval dispersal, whereas the southern region exhibits low genetic structure. However, additional analyses based on patterns of haplotype diversity and relationships among haplotypes indicate that M. undosa has likely recently expanded into the Southern California Bight or expanded from a small refugial population, and analysis using isolation by distance to calculate dispersal distance indicates surprisingly short estimates of dispersal from 30 m to 3 km. This scenario of a northward expansion and limited larval dispersal is supported by coalescent-based simulations of genetic data. The different patterns of genetic variation between northern and southern populations are likely artifacts of evolutionary history rather than differences in larval dispersal and this may have applications to management of this species. Specifically, these data can help to inform the scale at which this species should be managed, and given the potentially very small dispersal distances, this species should be managed at local scales. Consideration of the evolutionary history of target species allows for a more accurate interpretation of genetic data for management.
Knowledge of population connectivity-the movement of individuals between subpopulations-is critical to understanding population dynamics and the effective design of management strategies Palumbi 2003; Cowen and Sponaugle, 2009) . A majority of marine fishes and invertebrates are characterized by a bipartite life cycle that includes a pelagic larval stage that may last several months, possibly allowing larvae to travel hundreds or thousands of kilometers (Thorson 1950; Strathman 1987) . Assuming successful recruitment to adult populations, the spatial scale of larval dispersal defines the scale of contemporary population connectivity Palumbi 2004 ).
Many of the problems encountered in managing natural resources arise because of a mismatch between the scale of management and the scale(s) of the ecological processes being managed (Prince et al. 1998; Shanks et al. 2003;  Without the ability to physically track larvae, many researchers have turned to population genetic techniques for estimation of dispersal (Hellberg et al. 2002; Selkoe and Toonen 2006; Hedgecock et al. 2007) .
Ecological, physical, historical, and anthropogenic factors act in concert to drive contemporary patterns of dispersal for marine species Cowen and Sponaugle 2009) . When dispersal distances are nearly equal to the geographic range of the species, this can lead to panmixia, an openly mixing population. In contrast, when dispersal occurs on smaller geographic scales, the potential for population subdivision exists. The combination of a long pelagic larval phase and ocean currents may aid in long distance dispersal and more open populations, reflected by a lack of genetic structure throughout the range (Largier 2003; Siegel et al. 2003; Gawarkiewicz et al. 2007; Addison et al. 2008) . Conversely, larval behavior and oceanographic features may act to limit dispersal (Cowen 2000; Kingsford et al. 2002; Largier 2003) . These contemporary processes drive dispersal and successful delivery of larvae from one population to another as well as influence genetic structure of a species. Population genetic studies can give us insight into whether marine populations are connected by larval transport or if there are barriers to dispersal and therefore successful recruitment is more local (Hedgecock et al. 2007; Hellberg 2007; Weersing and Toonen 2009; Dawson et al. 2010; Pinsky et al. 2010) . Particularly, studies that use patterns of genetic isolation by distance (IBD) to estimate dispersal kernels may provide further insight into connectivity of separated populations Palumbi 2003; Pinsky et al. 2010) .
Although genetic data can be used to infer potential dispersal distances of larvae, they also reflect evolutionary processes, which can make estimates difficult and possibly lead to incorrect inferences of contemporary dispersal (Avise et al. 1987; Hewitt 1996; Benzie 1999; Hewitt 2000; Jacobs et al. 2004, Marko and Hart 2011) . Population expansions, contractions, and bottlenecks may leave indelible clues within genetic patterns (Slatkin and Hudson 1991; Harpending et al. 1998) . Environmental and anthropogenic drivers (e.g., climate change, human fishing pressure, and habitat destruction) can also change species distributions and population sizes and consequently, alter genetic structure Puritz and Toonen 2011) . Genetic data are often employed to examine these evolutionary patterns in species demographics (Benzie 1999; Hewitt 2000; Jacobs et al. 2004; Hart and Marko 2010; Marko and Hart 2011) , which can cause a population to be out of equilibrium and affect estimates of gene flow (Rousset 1997) . Range expansions can lead to disparate patterns of genetic structure in the historical range and in a newly expanded range (Hellberg et al. 2001) . In the historical portion of the range, the population may be closer to equilibrium and have had time to diversify, whereas in the more recently colonized area, the genetic diversity may be low due to founder effects and a population further from equilibrium (Ibrahim et al. 1996) .
Using population genetics to estimate gene flow and infer rates of dispersal assumes that the population is at equilibrium, and if populations are not yet at equilibrium, contemporary genetic patterns may be more reflective of evolutionary processes such as a range expansion rather than contemporary dispersal patterns (Wright 1978) . Work by Slatkin (1993) on patterns of IBD indicates that the amount of time for a population to reach equilibrium may be a strong function of effective population size, which in many marine populations may be much lower than local census size (Roman and Palumbi 2003) . In marine populations where effective management is contingent on assessment of larval dispersal, it is critical to elucidate whether observed genetic patterns reflect contemporary connectivity or historical population changes (Bird et al. 2007) .
In this study, we seek to discover if and how past demographic processes influence contemporary genetic estimates of larval dispersal and connectivity. We combine analyses of empirical genetic data and coalescent-based simulated data sets to explore the contribution of past demographic processes and contemporary dispersal in influencing the genetic structure of a harvested marine benthic invertebrate, the wavy turban snail Megastraea undosa, which ranges from southern California, United States to southern Baja California, Mexico. We use these data to investigate regional structure and assess population connectivity across the range of M. undosa. Our empirical results reveal two regimes of genetic structure, which could be driven by either differences in dispersal or historical processes. Coalescent-based simulations support the hypothesis that these patterns arise from a historical range expansion and that dispersal may be limited throughout the range despite differences in genetic structure.
Methods

Study Species and Management
Megastraea undosa is a large (5-10 cm), herbivorous gastropod ranging from Point Conception, California, United States (34.5 °N) to Abreojos, Baja California Sur, Mexico (26.7 °N; M. undosa is present south of this area to Bahia Magdalena, 25.5 °N, at much lower densities) in rocky intertidal and subtidal habitats (Taniguchi and Rogers-Bennett 2001) . This snail is a broadcast spawner that releases gametes into the water column prior to fertilization. Megastraea undosa lives to be 12 years and reproduction begins at age 4 and high levels of fecundity are reached beginning at 8 years (Martone and Micheli 2012) . Reproduction can occur throughout the year but peaks in October (Belmar-Pérez 1991) . Larvae are competent to settle after 5-10 days (Guzmán del Próo et al. 2003) .
Megastraea undosa is harvested in California, United States, and Baja California, Mexico, by divers. In California, catch is largely unregulated: the only requirement is the need for a valid fishing license and-other than no-take marine protected areas (MPAs) that afford protection to all speciesthere is no spatial management for this species (Taniguchi and Rogers-Bennett 2001) . The only sampled site that falls within a no-take MPA is Anacapa Island Landings Cove (Site 1). The major concentration of the fishery is in Baja California Sur, Mexico, from Punta Eugenia 27.8 °N to La Bocana 26.8 °N, and fishermen in this region are organized into 9 fishing cooperatives, where management of invertebrate species occurs cooperatively with government agencies that regulate Mexican fisheries (McCay et al. forthcoming) . Unlike California-where M. undosa is managed as 1 regionBaja California Sur, Mexico is managed at the local scale of the fishing cooperative. These cooperatives are granted concessions, or exclusive access, for certain invertebrate fisheries, including M. undosa, and have the authority to make decisions about fishing season, quotas, and size limits as long as these are within the limits set by the federal government (McCay et al. forthcoming) . Table 1 ). Tissue samples were preserved in 95% ethanol. This study was specifically designed to sample across the range of M. undosa rather than to examine 1 particular area of interest.
Sample Collection and Sequencing
Total genomic DNA was extracted with NucleoSpin DNA extraction kit (BD Biosciences, San Jose, CA) per the manufacturer's protocol. A 605-base-pair segment of the mitochondrial cytochrome oxidase subunit-I (COI) gene was amplified and sequenced using primers HCO-2198 and LCO-1490 (Folmer et al. 1994 ) following standard PCR and sequencing protocol from Folmer et al. (1994) using EconoTaq. PCR products were sequenced on an ABI 3100 sequencer (Applied Biosystems, Inc., Foster City, CA). Individuals were sequenced in forward and reverse directions and visually scored for accuracy and polymorphisms using Sequencher version 4.8 (Gene Codes Corporation).
Population Structure
Aligned sequences were exported from Sequencher into Arlequin 3.5 (Excoffier et al. 2005 ) to calculate Φ statistics: a measure of the amount of variance among samples that can be attributed to differences among populations. Using Arlequin, we ran an analysis of molecular variance (AMOVA) to calculate Φ ST , Φ SC , and Φ CT values as well as pairwise Φ ST values between all sites. All AMOVAs were performed using pairwise distance with 10 000 permutations in Arlequin. As post hoc test, we manually performed hierarchical groupings of sites to determine the geographic areas that contained the largest Φ CT differences. The largest Φ CT was found by dividing the populations into 2 groups rather than 3 or 4 groups. There is no clear genetic break in the data, rather a cline in central Baja Mexico. Because there is no clear genetic break between northern and southern populations, it is difficult to draw a clear line between north and south for further analyses. However, the common southern haplotype disappears between Ensenada (Site 7) and Isla San Martin (Site 8) and Ensenada and from here on, these groups of sites will be referred to as north and south (Table 1) . We also looked within these groupings to see how genetic structure differed throughout the range of M. undosa by performing AMOVAs separately to obtain global Φ ST values within the northern region and within the southern region separately to get an estimate of Φ SC for the 2 regions. These Φ ST values allowed for assessment of potential relative levels of genetic connectivity within the northern and southern regions. We were specifically interested to see if genetic structure was evenly distributed along the range: if levels of Φ ST for the north were similar to levels of Φ ST in the south. We were interested to see if the different management schemes in the 2 different regions matched the patterns of larval dispersal inferred through Φ ST .
Historical Demography
To explore the historical demography of this species, we employed 3 techniques: first, we looked at diversity measures; second, at mismatch distributions of haplotypes; and finally, we examined the relationships among haplotypes for signals of past demographic processes in contemporary genetic patterns.
We looked for patterns of genetic diversity by comparing nucleotide diversity (π) (Nei and Jin 1989) , number of haplotypes, and effective number of haplotypes (Jost 2007; Timmers et al. 2012 ) calculated in Arlequin, throughout the range. We used mismatch distributions to look for a possible pattern of expansion in the northern and southern populations. Population expansion and contraction influence patterns of genetic sequence divergence and frequency and so mismatch distributions can be used to infer patterns of past demography (Slatkin and Hudson 1991; Rogers and Harpending 1992) . Populations that have undergone recent expansion will have a higher frequency of 0 mismatches. This is because the population is likely to be dominated by a few common haplotypes present in the founding individuals (Harpending 1994) . The statistic Harpending's Raggedness Index (HRI), which evaluates the raggedness of the mismatch distribution, was calculated using Arlequin. The resulting mismatch distributions for the northern and southern regions were compared with a chi-square test to see if the distributions were significantly different from each other.
Unique haplotypes were identified using DNAsp and then imported into TCS version 1.21 (Clement et al. 2000) to create haplotype networks. TCS calculates the number of differences among haplotypes to create a parsimonious connection and then joins haplotypes into networks (Clement et al. 2000) . The proportion of individuals from the northern or southern group was determined for each haplotype.
Estimating Dispersal: IBD
We looked for a pattern of IBD by plotting pairwise genetic distance (pairwise F ST /(1 − F ST ) and pairwise Euclidian geographic distance. For the IBD curve, we used only comparisons from the southern portion of the range. Conventional F ST as calculated by Arlequin 3.5 is based solely on frequencies of haplotypes unlike Φ ST , which considers relatedness (number of mutations) between haplotypes as well as differences in frequency (Excoffier et al. 2005 Figure 2) . It is possible that the low diversity in the northern portion of the range combined with these sites being dominated by 1 main haplotype creates F ST values that are higher than expected for comparisons of northern populations. These F ST values are correct estimates of differentiation based solely on frequency but may be potentially misleading. Because of this, northern sites were excluded from the IBD plot. Pairwise geographic distance was calculated by importing latitude and longitude coordinates into a geographic distance matrix generator. This pattern should represent a balance between drift and migration and allow us to estimate dispersal distance using the following equation (Rousset 1997) :
where σ is the spread, or width, of the dispersal kernel, m is the slope of IBD plot, and D e is effective density. The significance of the relationship was determined by performing a Mantel test in Arlequin. Rousset (1997) uses a one-dimensional formula, where the length of the habitat is greater than the width; the coastline along the eastern Pacific basin generally fits this assumption. However, the habitat is not continuous and this patchy nature could influence estimates of dispersal (Pinsky et al. 2012) .
To obtain estimates of effective density (D e ), we integrated census density estimates with data on reproductive maturity of M. undosa. We used data from a previous study that surveyed densities of M. undosa in 2006 at 15 sites from Bahia Tortugas to Punta Abreojos, Baja California Sur, Mexico (Martone et al. unpublished data) . Surveyed M. undosa were broken into 10-mm size bins and these data were integrated with known percentage of reproductively mature females at each size bin (Martone and Micheli 2012) . Densities and sizes were similar among sites in Baja; so for ease of calculation, we chose to use size frequency data from one site (Punta Clam Bay, Bahia Tortugas 27.6 °N) to estimate density of reproductive individuals. With this method, we were able to translate census density of M. undosa to an estimate of density of reproductive individuals. This was used as an estimate of D e over the entire range but could have been an over estimation of D e because we cannot estimate the number of individuals who are actually contributing to the next generation and this number is likely smaller than the density of reproductive individuals. To evaluate how sensitive our measure of dispersal distance is to D e , we recalculated σ given values of D e up to 4 orders of magnitude lower.
Coalescent Simulations
We used the coalescent-based program SIMCOAL 2.0 (Laval and Excoffier 2004) to determine expected patterns of genetic diversity with different dispersal and evolutionary histories. SIMCOAL 2.0 uses Kingman's backward-based coalescent approach to construct gene genealogies based on demographic patterns such as migration and population growth and simulates DNA sequences forward from the most recent common ancestor (Kingman 1982a (Kingman , 1982b . The purpose of these simulations was to explore what patterns of genetic diversity might be produced under different scenarios of dispersal and evolutionary history of expansion. We examined combinations of 2 demographic history scenariosnorthward range expansion or no range expansion-and 2 dispersal scenarios-low (10 km) and high (100 km) dispersal distances. These simulated data were then analyzed using Arlequin to assess genetic diversity in each simulation output and compared results with our empirical data.
We simulated 30 populations along a linear coastline each separated by 30 km with effective population sizes of 10 000 individuals. Our empirical sampling design included 17 sites separated by an average of 65 km (range: 8-240 km), and our estimate of effective population size using our empirical estimate of D e is of the same order of magnitude of the 10 000 individuals used for the simulation. To mimic our sampling design as closely as possible, the first 12 sites were part of the northern population and the remaining 18 were part of the southern population. We ran 1000 replicate runs of each scenario. Fifty individuals were sampled at each of these sites. Migration matrices were calculated using a Gaussian dispersal kernel in R (R Development Core Team 2008) centered around 10 and 100 km for the low and high dispersal simulations, respectively. We simulated 605 base pairs of DNA sequence at a single locus and mutation rate for all simulations scenarios was set at 10 -7 per base pair (Hugall et al. 2002; . Simulations with a northward range expansion were simulated with a historical range contraction 1000 generations ago when the first 12 populations (simulated northern range) were reduced to 0 and the founder population for the expansion was 100 individuals. Megastraea undosa reaches reproductive maturity at 4 years, reaches high levels of fecundity at 8 years, and lives for approximatelygenetic diversity between northern and southern sites and were then compared with the diversity measurements of the actual data.
Results
Population Structure
We detected highly significant genetic structure throughout the range (Φ ST = 0.187, P < 0.0001; Table 2 ). Populations in the north were dominated by 1 haplotype that declined but was still present in the southern portion of the range at a lower frequency (Figure 1) . In contrast, the southern populations are dominated by a different haplotype that is nearly exclusive to this region: only 1 individual at Catalina Island (Site 6) possessed this haplotype (Figure 1) .
Hierarchical AMOVAs among groups of sites revealed that the largest difference was between Isla San Martin (Site 8) and Punta Baja (Site 9), (Φ CT = 0.28620, P < 0.0001). Table 2 shows the results of different hierarchical analyses with different north-south groupings of samples. There is no clear genetic break but rather a gradient present in north central Baja. Because the dominant southern haplotype disappears between Ensenada (Site 7) and Isla San Martin (Site 8; Figure 1 ), for all other analyses, sites from Ensenada to the northern range limit are considered northern and sites from Isla San Martin to the southern limit are southern (Table 1) .
We found different patterns of genetic connectivity among populations in the northern and southern regions (Table 2) . Among the northern sites, no genetic structure was detected (Φ ST = −0.004, P = 0.683), whereas in the southern sites there was significant structure (Φ ST = 0.044, P < 0.001). Among the northern populations, there are no significant pairwise Φ ST population comparisons, but among the southern populations, there are multiple significant comparisons (Table 3 ). The southern region encompasses a slightly larger area (northern = 359 km of coastline; southern = 483 km of coastline), and so it is possible that the differences we see in structure are due to the smaller northern area. However, we can reject this hypothesis because if we isolate a smaller area in the center of the southern region, significant genetic structure is present (EnsenadaEsmerelda, 294 km; Φ ST = 0.058, P < 0.001), and if we consider the island coastlines of the Channel Islands, the northern area may be larger.
Historical Demography
We found that nucleotide diversity in the north (π = 0.00125, SD = 0.001019) was less than half of that in the south (π = 0.002755, SD = 0.001793; t-test: P < 0.0001), with 13 and 82 haplotypes, respectively. Mismatch distributions of both northern and southern regions indicate a pattern of expansion measured by HRI (north: HRI = 0.3996, P = 0.41 and south: 0.0376, P = 0.41; Harpending, 1994; Figure 2) . However, the large proportion of 0 mismatches in the northern region indicates that the northern expansion may be more recent and pronounced. These two distributions were significantly different (χ 2 = 41851.638, degrees of freedom [df] = 6, P < 0.0001).
The haplotype network shows that the dominant southern haplotype is the root of the diversity for this species (Figure 3) . All of the diversity in this system may radiate off of this 1 southern haplotype, whereas the most common northern haplotype is just one of many radiating off of the dominant southern haplotype. This star phylogenywith one very common haplotype surrounded by many less common variants-also indicates an expansion (Slatkin and Hudson 1991; Avise 2000) .
Estimating Dispersal
We found a significant relationship between geographic and genetic distance (Mantel test: correlation coefficient = 0.5708, P = 0.005; Figure 4 ) using only pairwise comparisons from the southern portion of the range. Our estimate of effective density, which incorporated data on reproductive maturity of M. undosa (Martone and Micheli 2012) 
Coalescent Simulations
Genetic diversity estimates of northern versus southern populations were consistent with our empirical results only for the scenario that included a northward range expansion with limited dispersal (10 km; Table 4 ). Scenarios that included long distance dispersal and/or lack of a range expansion resulted in no difference in genetic diversity (measured by π) between northern and southern regions.
Discussion
We found high levels of global genetic structure throughout the contemporary biogeographic range of M. undosa. However, when the range is parsed into northern and southern regions, there are conflicting patterns of genetic structure: no detectable structure in mtDNA Φ ST was found in the north and significant structure in the south. These differences translate into different levels of inferred genetic connectivity via larval dispersal: high connectivity in the north and low in the south. This result might indicate that contemporary management regulations set at a fine spatial scale in the south but not in the north appropriately reflect different patterns of population connectivity within these 2 regions. However, an examination of evolutionary processes, such as range expansions and bottlenecks, and potential demographic history indicates that this snail may have undergone a northward range expansion and/or a northern population expansion after the end of the last glacial maximum into the Southern California Bight-the northern region-and this process yielded lower genetic diversity in the north. A selective sweep could have also caused lower genetic diversity; although, we are unable to rule out this possibility, it is unlikely that only the north would have been affected by a selective sweep as there is no obvious selective pressure that is unique to the Southern California Bight.
Larval transport of M. undosa is likely to be influenced by oceanography on a number of spatial scales throughout the range. At a regional scale, the range is dominated by the offshore-equatorward flowing California Current, but at local scales, each portion of the range is subject to a different set of oceanographic conditions including coastal eddies, upwelling centers, oceanographic fronts, and poleward flowing water (Simpson and Lynn 1990; Hickey 1998; Zaytsev et al. 2003; Woodson et al. 2012) . Oceanographic patterns in the Southern California Bight have been well studied, and recent research using circulation simulations to estimate potential and realized dispersal for fishes and an invertebrate species found that larval connectivity was heterogeneous in the Southern California Bight . In the fall months when M. undosa spawns, higher flow was seen from southern sites to northern sites, which likely impacts connectivity between the Southern California Bight and the southern portion of the range. Oceanographic patterns associated with the southern portion of the range in Baja California are not as well understood or studied, but it is likely that the major headland of Punta Eugenia influences these patterns (Bernardi and Talley 2000; Zaytsev et al. 2003; Haupt et al. in review) .
Although differences in oceanography likely influence local dispersal patterns of M. undosa, they are unlikely to fully explain the observed differences in genetic differentiation and diversity throughout the range. Coalescent-based computer simulations indicate that this pattern could have been created by a range expansion and maintained by limited dispersal. Taken together, these results show that evolutionary processes influence patterns of contemporary genetic structure and need to be taken into account when making recommendations for management and conservation.
Contemporary Patterns of Genetic Connectivity
Using the pattern of IBD, we estimated short dispersal distances ranging from 30 m to ~3 km, depending on estimates of effective density. Even with a dispersal distance of 1-3 km, obtained using the lowest estimates of effective density, we would still conclude that this snail has limited dispersal. Previous studies that examined larval dispersal of marine gastropods have found both high and low levels of genetic differentiation and inferred connectivity, but gastropods also encompass a large range of pelagic larval durations (PLD; . Recent work on blacklip and black abalone, which have a comparable PLD to M. undosa, show that these abalone species may have very limited dispersal distance, on the order of 7-10 km for blacklip abalone (Gruenthal and Burton 2008; Miller et al. 2008) . By combining oceanographic connectivity matrices with genetic connectivity data, White et al. (2010) determined that the whelk, Kelletia kelletii, which has a PLD of 40-60 days (Zacherl D, unpublished data) , an order of magnitude longer than M. undosa, likely disperses on a scale of 30 km. Oceanographic modeling studies of two commercially fished molluscs-a scallop and a gastropod-in the Gulf of California, Mexico, predict that dispersal potential may be much larger than this (100's of km) and that larvae may be exported out of marine reserves to fished areas, though the authors point out that these models may overestimate potential dispersal because larval behavior could limit distance traveled by larvae (Cudney-Bueno et al. 2009 ).
By considering the full range of M. undosa, rather than focusing solely on northern populations out of context, we see a clear pattern of IBD, which may indicate limited dispersal throughout the range. Separately, however, the north and the south present different patterns: the north has no structure and the south has significant structure. These differing patterns could lead us to infer different levels of connectivity via larval dispersal in these areas. Coalescent-based simulations indicate that to maintain the pattern of reduced genetic diversity in the north for 1000 generations after the northward expansion that dispersal in this snail must be limited. Potentially, the northward expansion and the historical processes drive the patterns in the north, rather than a difference in realized larval dispersal.
Historical Demography
Physiological tolerance to physical factors such as temperature can play an important role in structuring species ranges in response to climatic changes and may be driving range contractions and expansions (Roy et al. 1995) . Marine flora and fauna have adapted to climatic changes with range shifts in both historical and contemporary times (Valentine and Jablonski 1993; Barry et al. 1995; Roy et al. 1995; Zacherl et al. 2003; Dawson et al. 2010) . During the last glaciation in the late Pleistocene, the water temperatures in the Southern California Bight may have been much cooler, 7-8 °C, whereas current temperatures range from 12 to 20 °C (Kennett and Ingram 1995; Kennett and Venz 1995; Graham et al. 2003) . A study by Muhs et al. (2006) examined marine terrace fauna of the eastern Pacific from fossil assemblages dating 120 000 and 80 000 years BP. They discovered that the species assemblages at 120 000 years BP were similar to contemporary assemblages, indicating that paleotemperatures may have been very similar to current temperatures. In contrast, fauna from 80 000 years BP consisted of many species not currently found in this region; these species are currently found in northern, colder areas, indicating that during this era, the Southern California Bight was likely much colder (Muhs et al. 2006) . For many southern species, including M. undosa, the Southern California Bight may have been too cool during the most recent glaciation to serve as usable habitat until after recession of glaciers in the northern Pacific and subsequent warming of these waters.
Repeated extirpations and recolonizations resulting in founder effects could have kept genetic diversity in the system low. Megastraea undosa is found in the Southern California Bight in paleontological studies from 120 000 years ago but not found again until more contemporary studies of Native American middens from 6 000 to 10 000 years ago in the Channel Islands (Forgeng 1992; Erlandson et al. 1998; Roy K, personal communication) . During the Holocene, M. undosa may have been able to expand into southern California from Mexico; given its potential short dispersal distance combined with the predominant southward currents, this expansion might have occurred very slowly. In modeling kelp forest populations throughout the late quaternary, Graham et al. (2010) indicated large shifts in kelp abundance and productivity of kelp forests throughout time. This would likely translate into major changes in kelp forest communities. Although M. undosa is not dependent on the presence of kelp, it is a kelp forest-associated species and is currently found more often in kelp-forested areas than in deforested areas and would likely be affected by large-scale changes in kelp forests (Graham, 2004) . Previous work by Selkoe et al. (2010) found that kelp is an important predictor of genetic differentiation in the Southern California Bight and Baja California. Kelp may also play an important role for M. undosa, though kelp densities do not seem to correlate to changes in genetic structure and although this species is a kelp forest-associated species and its range extends past southern limit for the range of Macrocystis pyrifera.
Effects of climatic changes due to glaciation are commonly found in genetic structure of species in both marine and terrestrial environments (Hewitt 2000) . As northern areas cooled during glacial periods, many species contracted into southern warmer areas and recolonized after climate warming (Hewitt 2004) . Recent work by Marko et al. (2010) documented that although persistence through the last glaciation of marine species in the northeastern Pacific was common, 5 of 14 species did show evidence of a postglaciation range expansion. Although coastal marine species may have persisted in refugia in the northeastern Pacific (7 of 14 species), some species' ranges were reduced to southern latitudes. Species, even ones closely related, may respond differently to climatic changes. Hickerson and Cunningham (2005) found that with sister species of intertidal fishes, one species persisted despite glaciation and the other experienced a range contraction. These events are often observed in the northeastern Pacific where glaciers were present in coastal systems (Rocha-Olivares and Vetter 1999; Marko 2004; Wilson 2006; Marko et al. 2010) . With M. undosa, we see a possible signature of glacial events even though its range does not overlap with glaciated areas.
Applications to Management
The fishery for M. undosa is the third most economically important invertebrate fishery in Baja California, Mexico, after lobster and abalone, and management occurs at the local scale of fishing cooperatives (Singh-Cabanillas 1996; Gluyas-Millán et al. 2002; McCay et al. forthcoming) . Given the limited dispersal of M. undosa, this small scale of management is likely appropriate. Work by Martone and Micheli (2012) suggests that ecological processes such as growth rates and reproduction also vary across a small spatial scale further supporting local rather than regional management. In southern California, management for this species is nearly nonexistent and occurs at the regional scale (Taniguchi and Rogers-Bennett 2001) . In this study, the lack of genetic structure in California could support management at a large regional scale. However, when placed in the context of historical demography and evolutionary process, our results indicate that management likely should occur at local scales in California as well. For this reason, managers should be cautious when using data that are not placed in context of an entire range or trying to generalize across species (Bird et al. 2007 ). Mismatch distributions, genetic diversity patterns, and simulations all support the hypothesis that a recent northward expansion into the Southern California Bight drives the lack of genetic structure in the north. Further, our simulations demonstrate that the most likely dispersal and demographic scenario, of those considered, is a northward range expansion and limited dispersal. Making any assessment about larval dispersal with little to no genetic structure is very difficult (Waples 1998) . For M. undosa, with the knowledge we gain by looking at the entirety of the range we may be able to recommend that, though we detect no structure in the northern region of the range, management should occur at local scales in both the southern and northern regions.
Newer tools and more quickly evolving markers may aid in avoiding these issues of confusing contemporary and evolutionary patterns to assess connectivity via larval dispersal. Assignment methods, particularly parentage analysis (Jones and Ardren 2003) , have shown great promise especially for looking at larval spillover from within marine reserves to outside fished areas Planes et al. 2009 ). The advantage of these methods is that they give actual measurements of contemporary dispersal rather than a long-term average. However, the limitations are that this is a one-time snapshot and without repetition among years a generalization for dispersal patterns cannot be made. Also these types of studies often only capture evidence of limited dispersal because the sample area is small relative to the species range and thus is not collecting potential long distance dispersers, which may be of ecological and conservation significance.
Our results highlight some potential issues and solutions for the use of genetic tools to infer contemporary patterns of larval dispersal. Current genetic structure may reflect evolutionary history but consideration of the entire range of a species as well as exploring historical processes may allow for more accurate inferences of dispersal. In the case study of M. undosa, we find that inclusion of the entire range as well as consideration of historical demography indicates potentially limited dispersal in the northern region despite lack of genetic structure.
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